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IN T R O D U C T IO N
In urban areas throughout the country, traffic engineers are finding 
it more difficult to provide an adequate road system for the large traffic 
demands, especially the demands during peak periods. Delay, reduced 
speeds, and accidents are a function of the congestion. Proper control 
of traffic signals at individual intersections or a series of intersections 
has helped reduce the anticipated traffic congestion (such as the morn­
ing and afternoon rush-hours) ; however, the unexpected traffic conges­
tion (such as an accident or a sports event) can not be contolled by 
the typical, fixed traffic signals.
T o  provide a more adequate urban road system, some traffic engi­
neers are using computers which are tied into the signal control systems. 
Detectors are located in the roadway as a means of collecting real-time 
data. Thus, with the computer and detectors, large quantities of data 
are collected and processed, and optimal signal strategies are determined 
by using the data and preprogrammed algorithms.
LARG E C O M P U T E R  SYSTEM S
Since the early 1960’s several large cities have installed computer­
ized control systems to operate traffic signals. The basic computer used 
in the systems was expensive and costs began at over $100,000. Addi­
tional equipment was needed in the form of computer periphery hard­
ware, detector hardware, communication hardware between detectors 
and the computer, and signal interface hardware. In other words, the 
early systems were expensive and required much equipment. Frequently, 
some type of visual display board was built in the control office for 
monitoring and public display.
T o  better illustrate the large computerized control system, pertinent 
data are shown in Table 1 for the systems in New York, Baltimore, 
San Jose and Charleston. The three older installations (excluding
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Baltimore) control only part of the signals within each city and, there­
fore, have a higher cost per intersection. It should be noted that the 
cost for New York does not include the costs for communication lines, 
detectors, signal interfaces and displays. San Jose, the oldest installa­
tion, has the highest cost per intersection; whereas, Baltimore which is 
still being planned, has the lowest cost per intersection and this is indic­
ative of a downward trend in installation costs. There is also a trend 
towards fewer detectors (an average of less than one) per intersection. 
Visual displays are usually a map of the control system with small lights 
indicating the status of the signals. Closed-circuit television systems are 
used in a few cases.
TA B LE  1. LARG E C O M P U T E R IZE D  C O N T R O L  SYSTEM S





















0.7b 4.5 0.5 0.6
Cost per 
Intersection ($)
1600b 5000 8400 6700
Starting Date 1969 New 1966 1969
Population of City 9 mil 1 mil 120,000 80,000
a Planned.
b Cost for computer and periphery hardware only.
Although relatively small (only a population of 80,000) the city of 
Charleston, S.C., took a bold step in installing its expensive system 
($600,000). The system includes control of 90 signalized intersections 
in a nine square mile area and 87 detectors which obtain volume, speed 
and density measurements. The local controllers at each intersection 
are two- and three-phase traffic responsive and have interval timing, 
back-up timing and phase-skip capabilities. The computer system con­
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sists of several analog controllers which may act separately or be regu­
lated by a digital computer. This system sets signal patterns, determines 
operating instructions, accumulates statistical data and performs system 
test functions (to determine malfunctions and overall traffic system 
operations).
There are numerous advantages for computerized control systems as 
shown in Table 2. The traffic engineer has centralized control with 
safety for himself, system flexibility with “ instant” change capability 
and “constant” data collection. Signals and detectors are constantly 
checked, and human error is reduced. The traffic flow and safety are 
improved. The traffic engineer does not have to worry about signal 
timing (it’s done by computer) and can concentrate on policy level 
decisions based analysis of long term data collection.
Operation of large computerized control systems has proven to be 
a means of improving traffic operation within urban areas. Unfor­
tunately, the systems are expensive and most small urban areas can not 
afford such luxuries. The answer now appears to be the minicomputer, 
that is, a small computer with limited storage space and flexibility.
TA B LE  2. A D V A N TA G E S O F C O M P U T E R IZE D  
C O N T R O L  SYSTEM S
1. Centralized Control
2. System Flexibility
3. Improved Traffic Flow Efficiency
4. Improved Traffic Safety
5. Constant Check of Signals and Detectors
6. Constant Data Collection
7. Reduction of Human Error
8. Collection of Data for Long-Term Analysis
9. Traffic engineer does not have to worry about signal timing and, 
therefore, allows him to concentrate on policy level decisions.
M IN IC O M P U T E R  C O N T R O L  SYSTEM S
In 1965 the minicomputer was introduced with the primary advan­
tage over big computer of cost. The basic cost for a minicomputer with 
minimum equipment was $25,000 in 1965, $8,000 in 1970, and an 
estimated $3,000 in 1975. Some 40 manufacturers now have about 80 
varieties of minicomputers on the market. Four types of minicomputers 
are shown in Table 3 to illustrate the variety of special features. In the 
cost comparison, an 8K minicomputer is capable of handling about 100
151











W ord Size (bit) 16 16 16 8
Minimum Core 4K 4 k 8 K 4 k
Maximum Core 32K 65K 32K 16K
Cycle Time (sec) 1 .8 1 .0 1 .0 1.6
External Interrupts 64 256 64 64
Power Failure/ 
Restart3 opt std std opt
Real-Time Clock3 opt std opt opt
Basic Unit Costb 
($ thousands) 
1970 22.0 24.0 22.5 12.5
1973 16.5 18.0 16.9 9.4
Cost for each 
Additional 4K Core 4.5 3.0 4.0 2.6
a Optional or Standard.
b Basic unit has 8K of storage, a teletype and CPU.
intersections and 50 detectors. This is increased to 400 intersections and 
400 detectors when the core is increased to 16K.
The City of Albany, New York (population 130,000), has installed 
a Varian 620 /i minicomputer with a 32K core at a cost of $50,000. The 
minicomputer controls 20 key intersections and obtains data from 65 
detectors. A  teletype connected to the computer provides a commu­
nication link between the traffic engineer and the signals and a summary 
report of traffic operation. Telemetry (communication between the 
signals and computer) is by leased telephone lines and city-owned cable. 
The system started operation in August 1970, and has had only one 
hardware failure in the first 1^2 years of continuous operation. How­
ever, human errors and power failures have caused several failures dur­
ing the same period.
The local signal controllers are actuated controllers of two, three 
or four phases and act separate by fixed-time operation unless overridden 
by the minicomputer. A  signal from the minicomputer disconnects the 
local controller and additional signals send centralized commands. 
Based on historical and real-time data, an algorithm predicts a demand, 
and with the projected demand on optimum strategy routine generates
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nominal cycle lengths, phase splits and offsets for each intersection for 
the projection period. If improper responses come from the intersection, 
control is returned to local control and an alarm of possible malfunction 
is given.
T w o special programs are included in the Albany system. A  nearby 
fire station may send a signal to the computer requesting a priority 
signalization routine. Also a teletype consule in the police department 
allows manual change of operating status for unusual weather or road­
way conditions.
During the first 1Y* years of operation the Albany system has shown 
no visible signs of improved traffic flow; however, small increases in 
volume and speed have been measured. The advantages of a minicom­
puter control system are similar to those in Table 2. The disadvantages 
of the minicomputer when compared to a large computer are less storage 
area, limited input/output capability, and more difficulty in changing 
programs.
S U M M A R Y
The reduction in costs for minicomputers has now made it possible 
for traffic engineers in small urban areas to consider improving traffic 
operation by centralized computer control. H ow ever, the traffic engineer 
must obtain much preliminary information and help from experts before 
“ jumping in.”  Optional hardware, such as extra storage or high speed 
input/output devices, must be determined beyond the basic system. 
Whether to purchase a software package or hire a computer expert to 
write the software package must be determined. The number of inter­
sections to be controlled, the number of detectors to be installed, the 
type of interface to the local controllers and the telemetry system are all 
important preliminary questions. Also maintenance costs and possibilities 
for expansion are important.
Although the method is new, more and more cities are investigating 
the possibilities of computerized control systems. W ill the computer 
replace the traffic engineer someday ?
